Abstract: AAC Richmond is a white-hulled, spring oat (Avena sativa L.) cultivar developed at the Ottawa Research and Development Centre of Agriculture and Agri-Food Canada in Ottawa, ON. It was supported by the Ontario Cereal Crops Committee in January 2013 for registration and was registered on 20 Feb. 2014 (Canadian Food Inspection Agency no. 7488). AAC Richmond was later maturing and taller and showed higher grain and straw yield than check cultivars in eastern Canada. It was highly resistant to crown rust (Puccinia coronata Corda f. sp. avenae Eriks.).
Introduction
AAC Richmond is a white-hulled, spring oat (Avena sativa L.) cultivar developed at the Ottawa Research and Development Centre (ORDC), Agriculture and Agri-Food Canada (AAFC) in Ottawa, ON. It was supported by the Ontario Cereal Crops Committee (OCCC) in January 2013 for full registration and was registered on 20 Feb. 2014 (Canadian Food Inspection Agency registration no. 7488). It is later maturing and taller than control cultivars and has large panicles. It produced 11% higher grain yield than AC Rigodon in the ORDC Registration Trials conducted across Canada from 2010 to 2012 and 8% higher grain yield than the mean of the check cultivars (AC Rigodon, AC Dieter, and Synextra) in the Quebec Oat Registration and Recommendation Trials from 2013 to 2016. It produced 6%, 10%, and 3% higher grain yield than trial means in southern, eastern, and northern Ontario in 2016, respectively. AAC Richmond also produced very high straw yield. It was the highest straw yielder in trials where straw yield was determined, being 45% higher than the trial mean in New Liskeard, ON, in 2016 and 62% higher than the trial mean in Truro, NS, in 2015 and 2016. AAC Richmond was highly resistant to crown rust (Puccinia coronata Corda f. sp. avenae Eriks.) in eastern Canada.
Pedigree and Breeding Methods
AAC Richmond was derived from the cross 09073 made at ORDC in the winter of 2004. The parentage is OT3008/ 07836-2-9-3-1//07836-2-9-3-1/OA1048-6. 07836-2-9-3-1 was derived from the cross Capital*2/TAMO-312//Capital*2/ Coker 234. Capital was a popular spring oat cultivar in eastern Canada in the 1990s developed by the Quebec Research and Development centre, AAFC. Coker 234 and TAM-312 were winter oat cultivars known to carry crown rust resistance genes Pc61 and Pc59, respectively (Simons et al. 1978 ). OA1048-6 is an ORDC breeding line from the cross OA973-/OA907-7. It was tested in the ORDC Registration Trials but was not released. OT3008 is a breeding line from the University of Saskatchewan derived from the cross AC Morgan/W96368. It was tested in the Western Cooperative Oat Registration Test but was not released (B. Rossnagel, Crop Development Centre, University of Saskatchewan, Saskatoon, SK, personal communication). AC Morgan (Kibite and Menzies 2001 ) is a high yielding, popular cultivar widely grown in western Canada.
Three F 0 seeds were produced. The F 1 and F 2 generations were increased in a greenhouse. A total of 50 F 3 plants single-seed-descended from F 2 plants were grown in a greenhouse; the first 24 of these were singleseed-descended to F 4:5 in a greenhouse in 2006 (the other 26 were planned to grow in 2007 but were never grown out due to personnel change). Based on seed availability, only four of these 24 were sown into the single-row observation nursery in Ottawa in 2007. One of these four (09073-1-2-1-1) was visually selected and advanced to the 2008 Home Test, which was conducted at three locations (Ottawa, ON; Normandin, QC; and Harrington, PE) with two replicates each. It was renamed OA1306-1 and entered in the 2009 ORDC Oat Preliminary Test and further in the ORDC Oat Registration Test in 2010, 2011, and 2012. The test locations at which the trials were conducted each year are listed in the footnote to Table 1. OA1306-1 was supported for registration by OCCC in January 2013 and was registered as AAC Richmond on 20 Feb. 2014 (CFIA no. 7488). One hundred single plants were raised in the greenhouse in early 2012 using random seeds from OA1306-1, which were harvested individually and grown into 100 single plots of 4 rows, 3 m long in the spring of 2012. After purity confirmation, these were bulked to form the Pre-Breeder Seed. Breeder Seed was produced in 2013 in Ottawa. Zero means lack of symptom and 9 means the worst possible.
Richmond yielded 11% higher than AC Rigodon across the trials (Table 1) . It yielded considerably higher than AC Rigodon in 27 of the 36 trials but slightly lower than AC Rigodon in the other nine. No clear genotype × sub region interaction pattern was observed. After being registered, AAC Richmond was tested in the Quebec, Ontario, and Atlantic Canada Oat Performance Trials. It yielded 8% higher than the mean of the check cultivars (AC Rigodon, AC Dieter, and Synextra) across Quebec from 2013 to 2016 (Table 2) . It yielded 6%, 10%, and 3% higher grain yield than trial means in southern, eastern, and northern Ontario in 2016, respectively (data not shown). AAC Richmond was also the highest straw yielder in trials where straw yield was determined. It yielded 45% higher straw than the trial mean in New Liskeard, ON, in 2016 and 62% more in Truro, NS, in 2015 and 2016 (data not shown).
Agronomic traits
AAC Richmond was significantly later maturing than check cultivars AC Rigodon, AC Dieter (a popular milling cultivar in eastern Canada released from ORDC, AAFC in 2007), and Synextra (an oat cultivar developed by Semican Atlantic Inc., Plessisville, QC) (Tables 1 and 2 ). It was also significantly taller than AC Rigodon and AC Dieter (Tables 1 and 2 ). However, it showed significantly better lodging resistance than the check cultivars in Quebec (Table 2) .
Quality parameters
AAC Richmond had a similar test weight to AC Rigodon, higher than AC Dieter, but lower than Synextra (Tables 1 and 2 ). The kernel weight of AAC Richmond was similar to that of AC Rigodon in the ORDC trials (Table 1) ; in the Quebec trials, its kernel weight was similar to AC Dieter and significantly larger than that of AC Rigodon and Synextra (Table 2 ). The groat content of AAC Richmond was similar to that of AC Rigodon and Synextra and was significantly lower than that of AC Dieter.
AAC Richmond had a beta-glucan level similar to that of AC Rigodon in the ORDC trials (Table 1 ) but a significantly lower level than all of the check cultivars in the Quebec trials (Table 2 ). Its oil content was similar to that of AC Dieter and significantly lower than that of AC Rigodon and Synextra (Tables 1 and 2 ); high oil being desirable for use as feed but not for food. AAC Richmond had lower protein content than the check cultivars in Quebec (Table 2) .
Disease resistance
AAC Richmond had distinctly better resistance to crown rust than the check cultivars in field conditions (Tables 1 and 3 ). Judged from its parentage, this rust resistance may be conferred by Pc59 and (or) Pc61. Greenhouse inoculation with six crown rust strains showed that AAC Richmond was susceptible to race LRGB (CR254), which is known to have virulence on Pc61 but is avirulent on Pc59. This, therefore, suggests that AAC Richmond carries Pc61 but does not carry Pc59. However, race SJBL-96 (CR13) is avirulent on Pc61, yet AAC Richmond had a susceptible reaction to this race. This suggests that Pc61 is not present in AAC Richmond. AAC Richmond does not appear to carry Pc96 either Yield data were from all trials and data on other traits were available from only some of these trials. The groat percentage was determined using a Codema dehuller. Compositional quality traits (beta-glucan, oil, and protein percentages) were determined based on near-infrared reflection-based predictions of ground groat. The six trials from which the compositional quality traits were determined were in Causapscal, Hebertville, and Princeville in 2015 and 2016. b Zero means lack of symptom and 9 means the worst possible.
because Pc96 is known to be resistant to all the tested races except SJBL-96 (CR13). Therefore, the data in Table 3 cannot tell what genes are responsible for AAC Richmond's resistance to crown rust. AAC Richmond also had significantly better resistance to septoria leaf blight (Table 1) . It did not differ from AC Rigodon in reactions to stem rust or barley yellow dwarf virus (Table 2) .
Other Characteristics

Seedling characteristics
Coleoptile colour: green. Seedling growth habit: semi-prostrate. Leaf blade pubescence: glabrous. Leaf sheath pubescence: glabrous. Leaf sheath colour: medium green. Tillering capacity (at low densities): medium. Glume length: medium. Glume width: medium. Glume vein number: 10. Glume colour at maturity: white to yellow.
Lemma and palea characteristics
Lemma length: medium. Lemma tip shape: medium to long pointed. Lemma colour at maturity: cream. Lemma pubescence: slightly pubescent. Lemma waxiness: slight. Lemma awn presence: frequent. Lemma awn shape (if present): twisted. Lemma overlap: small overlap. Palea length: medium (halfway up lemma) to long (same length as lemma).
Kernel characteristics
Seed shape: mid-plump. Seed length: medium. Seed width: medium. Seed colour: cream. Kernel basal hair presence: absent. Groat pubescence: pubescent. Groat brush hair length: medium. Number of grains per spikelet: two. Scutellum tip shape: close to pointed. Scutellum size: medium.
Maintenance and Distribution of Pedigreed Seed
AAC Richmond was licensed to SemiCan Seed. The Breeder Seed of AAC Richmond is maintained by the 
